INTRODUCTION
Citrus tristeza virus (CTV), a member of the genus Closterovirus15), contains a single-stranded positive sense RNA of about 20,000 nucleotides12). Particles of the virus are flexuous, threadlike and approximately 2000nm long by 10-12nm in diameter.
The disease caused by CTV is one of the major threats to citriculture. Several severe and destructive strains of CTV have been reported worldwide21). Mild or protective strains of CTV have also been reported5, 6, 16, 20, 21, 25) .
Most citrus trees in Japan are infected with severe strains of CTV. The aphid vectors Toxoptera citricida (Kirkaldy) and Aphis gossypii Glover are very common in citrus orchards. Therefore, the protective ability of mild strains has been tested for the control of diseases caused by severe strains5, 6, 23 No deletion or insertion of bases was found in the coding region of both ORFs. In the GAP region of several isolates, however, base deletions were found (Fig. 3) in two severe isolates, S5A2 and S5agA, with adenine deleted at nucleotide 12 in the GAP region. In addition, both adenine at nucleotide 76 and thymine at nucleotide 77 in the GAP region were deleted in severe CTV isolates 1215A, 1513A, 1595A-1, HS34 and KS3A2. Base deletions were found only in severe CTV isolates. Two nucleotides at 76 and 77 in the GAP region were also deleted in an Israeli severe isolate VT14), whereas none were deleted in a Florida severe isolate T3612). Thus, the base deletion in the GAP region may be useful in developing a molecular technique for discriminating CTV isolates. No other specific nucleotide sequences to discriminate pathogenicity of CTV isolates were found in the regions examined. Two aphid-transmitted subcultures, S5A2 and S5agA, were isolated by aphid transmissions from a severe CTV source, S5. S5A2 was transmitted by the brown citrus aphid Toxoptera citricida and S5agA by the melon aphid Aphis gossypii4). Although the vector aphid species used were different, the nucleotide sequences of S5A2 and S5agA were almost the same (99.2% homology). So we suppose these two subcultures are sequence variants occurring in one citrus tree.
Two apparently different cDNA clones were obtained from a severe CTV source, 1595A. Those clones were designated as 1595A-1 and 1595A-2. The nucleotide se- Fig. 2 . Clustering neighbor-joining tree derived from the nucleotide sequences of the CTV isolates collected in Japan, which were amplified by PCR using the primer pair CTV52-CTV32. The characteristics of Japanese CTV isolates were described in quences of the two clones differed by 68 bases in the cloned region. Clone 1595A-1 had the deletions in the GAP region, i.e., adenine at nucleotide 76 and thymine at nucleotide 77, which is found only in the severe CTV isolates. The sequence of 1595A-2 did not have the deletions in the GAP region like other mild strains, but was similar to that of mild isolate M23A. Based on the sequence data, 1595A-1 and -2 might be derived from distinct isolates that infected a single citrus tree. Therefore, we conclude that 1595A, one of the most severe CTV sources, is a mixture of a severe isolate and mild one. In this paper, 1595A-1 and -2 are described as distinct isolates for further discussion, although they have not been separated as a single virus. The nucleotide sequences of the CTV isolates were used to construct a cluster dendrogram (Fig. 2) region of the CP gene (data not shown) indicated that the CTV isolates could be classified into three groups. This grouping is very similar to that by nucleic acid sequence analysis. Pappu et al.17) reported that the amino acid residue at position 124 of the CTV coat protein was the most conserved and isolate-specific residue for mild and severe strains, always being phenylalanine for MCA13-reactive severe isolates and tyrosine for MCA13-nonreactive mild isolates. Among Japanese CTV isolates examined, however, two mild isolates, M15A and M23A have phenylalanine at position 124 like other severe isolates. Because these two mild isolates were MCA13-reactive in our previous serological tests10), we supposed the amino acid sequence of M15A and M23A would be different from the mild isolates described by Pappu et al.17). This hypothesis was confirmed by the results in this study, indicating that there is a greater diversity among Japanese CTV isolates than among those in other citrus producing areas.
In Japan, CTV mild strains have been effective in controlling diseases caused by severe strains6,23). Using the sequence data obtained here, we may be able to develop a new molecular technique to distinguish protective CTV isolates from other challenging isolates. Such a technique might be valuable in evaluating protective strains or in revealing the mechanism of cross protection. 
